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Measuring methods for the specific R 1626-1996
surface area of fine ceramic powders by
gas adsorption using the BET method

1. Scope This Japanese Industrial Standard specifies the methods for
measuring the specific surface area of fine ceramic powders from the amount of

adsorption of gas monomolecular layer on the surface of fine ceramic powders at
liquid nitrogen temperature.

Remarks: The following standards are cited in this Standard:

JIS K 0114 General rules for gas chromatographic analysis
JIS R 1600 Glossary of terms relating to fine ceramics

2. Definitions For the purpose of this Standard, the definitions given in
JIS R 1600 and the following definitions apply:

(1) adsorption Such a phenomenon that gas molecules are staying on
particle surface of powders.

(2) physical adsorption Such a phenomenon that gas molecules are staying
on particle surface of powders due to physical interaction.

(3) chemical adsorption Such a phenomenon that gas molecules are staying
on particle surface of powders due to chemical interaction.

(4) adsorbate Gas molecules adsorbed on powders.

(5) adsorption isotherm A curve which shows the relation between the

pressure or relative pressure of a gas at adsorption equilibrium under a
constant temperature and the amount of adsorption.

(6) amount of monomolecular layer adsorption Amount of adsorption neces-

sary for covering completely the particle surface of powders with one layer of
adsorbed molecules.

(7) specific surface area Surface area of the powder of unit mass.

(8) dead volume Volume of continuous space in adsorption measuring

apparatus where the adsorbate coexists with the specimen, in a state of gas
without adsorbed.

(9) BET method Analyzing method for the specific surface area of powders
based on the BET formula derived from multimolecular layer adsorption
theory presented by three persons of Brunauer, Emmett and Teller.

(10) molecular cross section Area on the powder surface occupied by one
molecule of the adsorbate when the adsorbate is adsorbed on the powder
surface.
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(11) balanced relative pressure Ratio (P/P,) of the gas pressure (P) of adsorb-
ate in adsorption equilibrium to the saturated vapour pressure (P,) of the
adsorbate gas at the adsorption temperature.

3. Principle of measurement The adsorbate is adsorbed on the clean surface
of fine ceramic powders and the surface area per unit mass of fine ceramic
powders is obtained from the amount of monomolecular layer adsorption and the
molecular cross section area.

At a constant temperature, the relation between the amount of physical
adsorption of the gas adsorbed on the fine ceramic powder surface and the
equilibrium pressure of gas is expressed by the adsorption isotherm. The theory
of BET is shown by the adsorption isotherm formula (1) (BET formula) able to be
rewritten to the formula (2).
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where, P : pressure of gas of adsorbate in adsorption equilibrium
(Pa)

P, : saturated vapour pressure of adsorbate at adsorption
temperature (Pa)

V : amount of adsorption at adsorption equilibrium
pressure P that is the volume (m?) of the gas
converted to the standard condition (temperature 0°C,
pressure 101.3 kPa).

V,, : amount of monomolecular layer adsorption that is the
volume (m?) of the gas converted to the standard
condition (temperature 0°C, pressure 101.3 kPa).

C : constant relating to the extent of interaction between
solid surface and adsorbate and it is expressed by the
following formula:

C = ¢! £1~ 820 RT

where, E, : adsorption heat of first layer (kdJ/mol)

E, : liquefying heat at measuring temperature of
adsorbate (kd/mol)

R : gas constant (8.31 x 10-* kJ/mol.K)

T : measuring temperature (K)

If the formula (2) is held, the BET plot indicating the relation between the

P and the abscissa PL is shown with a straight line.

V(P, — P) 0 Documents
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When the actually measured values are BET plotted, they show the linearity
within a range covering the ordinary balanced relative pressure (P/P,) of 0.05 to
0.35 if there is no micropore (in the case of cylindrical micropore, diameter of 3
nm or less). Therefore, in this region, the adsorption isotherm can be shown by
the BET formula. As the measuring methods, there are multi-point method and
one-point method as shown below:

(1) BET multi-point method By measuring at 3 points to 5 points within the
region of balanced relative pressure where BET formula is held (0.05 < P/P,
< 0.35) and making the BET plot of these measured values, a straight line is
obtained. The inclination of the straight line and the sum of the intercepts
obtained by extrapolation of the straight line are shown by the formula (3).

1'_C—1 1 -----------------------------------------------------------
7,,,_V,,,-C+V,,,~C ............. (3)

Amount of monomolecular layer adsorption V,, is calculated as an inverse
of the formula (3).

(2) BET one point method The formula (2) becomes possible to be simplified
as in the formula (4) if value C is very large for example C > 100.

Besides, the formula (4) can be rewritten with the formula (5).

—-—P = L . £ ............................................................... ( 4)
V (1)() - P ) Vm P o
(ordinate) (inclina- (absciesa)
tion)
P
Va=V (1 _FO) ................... (5)

As the BET plot of the formula (4) becomes a straight line passing the
origin, the amount of monomolecular layer adsorption V,, is obtained as an
inverse of the inclination of straight line. That is the amount of mono-
molecular layer adsorption V, is calculated from one measurement of the

amount of adsorption at a certain balanced relative pressure (P/P,) by using
the formula (5).

4. Measuring apparatus The apparatus for measuring the specific surface
area of fine ceramic powders shall be either of the apparatus for volumetric
method or the apparatus for fluxion method.

(1) Apparatus for volumetric method The outline of gas adsorption

measuring apparatus based on the volumetric method is shown in the
Attached Fig. 1.

(a) Specimen container It is recommended that the specimen container
is made of glass and capable of carrying out heating, pressure reducing,
exhausting or the like and, such construction that the specimen does not
physically adsorb again the moisture in the air, the mass is capable of
being weighed correctly down to 0.1 mg or the amount of specimen to
the 4th place of effective digits.

The container to be used should be of smaller volume as far as
possible corresponding to the amount of specimen or the size of surface
area of specimen, so that the measurement error is minimized. DOcuments
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(2)

(b) Gas burette Sometimes a gas burette is installed in the apparatus in
order to control easily the amount of introduced adsorbate. The burette
shall be of such construction that the amount of introduced adsorbate
gas and the dead volume can be changed suitably corresponding to the
size of surface area.

(c) Dead volume  The dead volume means the total space volume occupied
by the adsorbate in the specimen container, pressure gauge, gas burette
and the system connecting them continuously, and it shall be made
smaller at possible places within the apparatus in order to increase the
measuring accuracy of the amount of adsorption.

(d) Vacuum pump The vacuum pump shall be able to reduce the pres-
sure down to 0.1 Pa or lower so as to make the surface of powders clean
by desorbing and removing the water or impurity adsorbed physically by
heating the specimen.

(e) Pressure gauge The pressure gauge shall be readable at least down
to third place of effective digits.

() Specimen container cooling device The specimen container cooling
device shall be of the construction capable of cooling the specimen
container down to the liquid nitrogen temperature and keeping it as it is
and controlling easily the level of liquid nitrogen during the measure-
ment of the specific surface area.

(g) Saturated vapour pressure cell The saturated vapour pressure cell
which is for measuring the saturated vapour pressure under the condi-
tion that gas and liquid of adsorbate coexist at the adsorption measuring
temperature should be the pressure proof container.

(h) Gas flow rate controller The gas flow rate controller shall be of the
construction capable of preventing the damage of pressure gauge and the
scattering of specimen powders caused by a rapid introduction or ex-
haustion of the adsorbate.

Apparatus for fluxion method The outline of gas adsorption measuring
apparatus based on the fluxion method is shown in Attached Fig. 2.

(a) Specimen container The specimen container shall be made of glass
and be of the construction mountable and demountable easily on the
body of apparatus and capable of doing easily the preconditioning of
specimen by a cleaning system by inert gas such as helium even at the
time of filling the specimen.

In addition, it should be of the construction that the specimen does
not adsorb again the moisture in the air and capable of weighing
correctly the mass down to 0.1 mg or to the 4th place of effective digits
of the amount of specimen.

(b) Gas concentration detector The gas concentration detector shall be
able to detect the change of concentration of 0.1 volume %.
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